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ISs 1400-1960 

Indian Standard 

SPECIFICATION FOR 
OPTICAL GLASS 

0. FOREWORD 

\l«l This Indian Standard was adopted by the Indian Standards Institution 
on 9 September 1960, after the draft finalized by the Optical and Mathe- 
matical Instruments Sectional Committee had been approved by the 
Engineering Division Council. 

0.2 Optical glass differs from ordinary glass with respect to the extreme 
care and precise control exercised during its manufacture, so as to ensure 
perfect homogeneity, freedom from colour (except where certain oxides 
and elements are deliberately introduced for the manufacture of coloured 
glass) and faithful reproduction of the physical properties from batch to 
batch. As it forms the basic material from which all types of optical 
components for precision instruments are manufactured, the necessity to 
lay down a standard to guide the quality of optical glass produced for 
different purposes is of considerable importance both for the manufacturer 
and the purchaser of optical glass. 

0.3 This standard describes the commonly recognized types and grades of 
optical glass, their physical properties, the defects commonly found in the 
material, and the methods of acceptance tests for the material. This 
standard does not, however, cover special glasses required to be used as 
filters, and other coloured glasses. 

0.3.1 The durability grading (sa 4.10) on the basis of tht results of 
accelerated test is qualitative and it can only be taken to indicate the 

{robable behaviour of glass surfaces under conditions of natural exposure, 
n order to evaluate the trading, it is necessary to assess the durability 
against standard types of gusi tested under identical conditions. 

0*4 This specification requires reference to the following Indian Standards: 

IS : 1286-1958 Pigtoiual Marxincis por Handling Instructions 

FOR Non-Danoerous Goods 
IS : 1399-1959 Glossary of Tbrms Used in Optical Tecknolooy 

0.4.1 Wherever a reference to any Indian Standard mentioned in 0*4 
or otherwise appears in this specification, it shall be taken as a reference to 
the latest version of the standard. 
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A3 This fUndard is one of a series of Indian Standards for optical instru- 
mcnti and is a necessary adjunct to xK individual specifications for the 
different types of optical instruments. Other standards published so far in 
the series are: 

IS : 988-1959 General Requirements for Optical Components 
IS : 1399-1959 Glossary of Terms Used in Optical Technology 

#•6 Metric system has been adopted in Inoia and all quantities and dimen- 
sions in this standard have been given in this system. 

9*7 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, expres- 
sing the result of a test, shall be rounded off in accordance with IS: 2-1960 
Rules for Rounding Off Numerical Values (Revised), The number of 
significant places retained in the rounded off value should be the same as 
that of the specified value in this standard. 

M This standard is intended chiefly to cover the technical provisions 
relating to optical glass, and it does not include all the necessary provisions 
of a contract. 



1. SCOPE 

U This standard deak with the physical characteristics and properties of 
optical glass, the defects and faults often come across in the materiali the 
methods of test employed for their location, grading of optical glass accord- 
ing to the degree of permissibility of these commotf effects for different 
types of work, and the methods of marking and packing of the material^ 

2. TERMINOLOGY 

2*0 For the purpose of this specification, the definitions givefi in 
IS: 1399*1959 and the following definitions shall apply. 

2*1 AMI* Niisnber V — A constant for a given sample of glass and 
also referred to as 'reciprocal dispersion' or constringence of optical glass. 
Abbe Number V is given by the expression • 

np—nc 

where P4 is the refractive index of the glass for the d line of helium, and 
njr and fic those for the F and C lines of hydrogen 
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2.2 Felps — Cracks extending through the material in a moulded blank 

2.3 Immersion Refrmetometry — A branch of optics where the refrac- 
tive index of any transparent solid of odd shape is measured by matching it 
with that of a mixture of liquids suitably chosen; the liquids may be, for 
example, carbon disulphide, benzen<^, glycerine, mono-bromonaphthalene, 
water, etc. 

2.4 Moulded Blanks.^ — Pieces of optical fflass moulded to predetermined 
sizes and shapes approximating to those of the finished coiriponent to reduce 
wastage of glass and to keep machining operations to the minimum. 

2«S Partial Dispersion — Between any two sets, wave-lengths of visible 
radiation is the difference between the refractive indices of the material for 
the two wave-lengths {see 4.9.2) 

2.6 Slabs — Optical glass obtained by cuttmg or forming the chunk glass 
into plates and slabs. 

2*7 Spectral Lines — The nine spectral lines used to define the optical 
properties of each glass type in terms of refractive index and dispersion 
values are indJratcd in the following table, the wave-length figures being in 

o 

Angstrdm units : 





Potassium 

(Mean OP 
Double Line) 


Hydrogen 


Sodium 

(Mean op 

Double Line) 


Heuum 


Mbrcuky 


Red 


A^ 7682 


G 6563 








Yellow 






D 5893 


d 5876 




Green 










e 5461 


Blue 




F 4861 
G> 4340 






g4358 


Violet 










h4(H7 



2*8 Type Number — A reference number of six digits used to indicate the 
glass type, the first three digits composed of the numerals following the 
decimal point in the mean value of the refractive index of the material for 
helium d line (n^) and the second three indicating the Abbe Number with- 
out reference to the decimal point {see 6.1). 

3. TYPES 

3.1 While optical glasses are broadly classified as Crown and Flinty there 

4 
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are well recognized further subdivisions under each category, some of which 
are indicated under 3.L1 and 3.1.2 showing their abbreviated forms within 
brackets. 

3.1.1 Lrown — Fluor Crown (FC), Boro-Silicate Crown (BSC), Light 
Barium Crown (LBC), Medium Barium Crown (MBC), Dense Barium 
Crown (DBC) and Soft Crown (SC)- 

3.1.2 F/wi/ — Telescope Flint (TF), Barium Light Flint (BLF), Barium 
Flint (BF), Light Flint (LF), Dense Flint (DF), Extra-Dense Flint (EDF), 
and Double Extra-Dense Flint (DEDF). 

NoTB — The optical conttftnti of the above types of glanes u well as their ability to 
resist atmospheric attack <ii£fer, thereby iacilitating a wide choice to the optical designer 
(sti 4 and 5). Jn addition, there are new rare earth optical glanes, whioi are useo for 
special purposes. 

4. GENERAL REQJUIREMENTS 

4.0 Optical glass of all types, whether supplied in the form of blocks, slabs 
or moulded blanks, shall conform to the following general requirements. 

4.1 Hosnogeneity — Optical glass shall be free from any inhomogeneity 
in composition or optical prc/>erties. 

4.1.1 Between different portions of the same piece of glass, the measured 
values for refractive index and dispersion shall exhibit no variations beyond 
the limits of accuracy as specified in 4.9.1 and 4.9.2 respectively. 

4.2 Stones smd CrystmUlsatioiii Bodies — Optical glass shall be totall> 
free from fragments of undissolved material or impurities and crystpdlized 
deposits of any of the constituents. Their presence may be detected by 
visual inspection through two parallel polished faces of a block or py the 
methods specified in Appendix A. 

v 

4.3 Colour 

4J.1 Optical glass, other than Dense Flint, Extra*Dense Fliilt and 
Dense Barmm Crown glasses, shall be free from colour to the extei^t that 
when a white object. is viewed through two opposite polished faces of a 
plate of the material, of two centimetres thickness, the object shall appear 
unchanged in colour. 

4.3JE Under the same conditions as in 4.3.1, a slight yellow colour is 
permissible in the case of Dense Flint and Extra-Dense Flint glasses and a 
slight green colour in the case of Dense Barium Grown glass. 
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4.4 Traaspmrcncy — Optical glass shall be totally free from cloudiness or 
milky appearance which sometimes arises during manufacture. 

4.5 light Absorpdon 

4.5.1 When tested for transmissivity of white light using a standard 
l^otometer, optical glass other than Dense Flint, Extra^Dense Flint and 
Dense Barium Crown glasses shall indicate absorption of not more than one 
percent of the incident light per centimetre of the light path. 

4t5.2. Dense Flint, Extra-Dense Flint and Dense Barium Crown glasses 
shall absorb not more than two percent of the incident light per centimetre 
of the light path under the same conditions as 4.5«1. 

4«6 Striaet Ream and Cords — Optical glass shall be examined for 
striae by the methods specified in Appendix A, and graded according to the 
striae content as follows: 

Grade A Containing no visible striae or cords. 

Grade B Containing scattered striae, which are just visible when 
viewed in the direction of ntiaximum visibility. 

Grade C Containing light striae,, which are sensibly parallel to the 
face of the blocks, slabs and blanks. 

4.7 B«bbl«« and Saada — Optical glass in the form oi slabi or blanks^ 
fW>m which components mav be processed and graded according to the 
bubble and seed content as follows : 

Grade a Totally free from bubbles of size larger than 0*01 millimetre 
in mean diameter. 

Grade h Containing on the average not more than one bubble per 
16 cubic centimetres of glass, the size of any individual bubble 
not exceeding 0*08 millimetre in diameter. 

Grade c Containing on the average not more than one bubble per 
cubic centimetre of glass, provided that the total project^ 
area of all bubbles and seeds on a polished sur&cc shail not 
exceed 0*1 percent of the surface area p<^ 10 centimetres of the 
light path, the size of any individual bubble not exceeding 
0*20 millimetre. 

KoTB"-*For Dense Bsrium GroWn and other B«rtum glaHCS, allowances Ibr babbles 
shall be twice those mentioiied for grade « or ai specified in ^ contract. 



Ar4EN0MENT NO. 1 DECEMBER 1982 
TO 
15:1400-1960 SPECIFICATION FOR OPTICAL GLASS 

Alteration 

{Page ?, clauses 4.8.1 and 4.8.2) - Substitute 
the following for the existing clauses; 

•^.8.1 Optical glass shall be well annealed such 
that the residual strain is xninimuis and synmetriccLlly 
distributed. The birefringence of the glass shall be 
such as to cause a relative retardation » between the 
two becuns formed on it, of not more than the following 
limits depending upon the end use of the optical 
glass: 

a) 2 nm path difference For critical and highly 
per centimetre length sensitive optical 

of light path elements used in 

polarizers, inter- 
ference instmments, 
precision cameras, high 
power microscope 
objectives, etc 

b) 5 nm path difference For telescope objectives, 
per centimetre length eye-pieces, projector 
of light path lense, prisms, etc 

c) 10 nm path difference For condenser lenses^ 
per centimetre length magnifiers, correcting 
of light path systems, viewf index* 

lenses^ etc 

U.8,2 The method for determination of strain shall be 
as described in 6.2 of IS:U362-196T Specification for 
Non-tinted Opthalmic Glass , ' 

(EDC 36) 

Reprography Unit, ISI, New Delhi, India 
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4.8 Strain 

4.8.1 Optical glass shall be well annealed, such that the residual strain is 
minimum and is symmetrically distributed. The birefringence of the glass 
shall be such as to cause a relative retardation, between the two beams 
formed on it, of not more than 10 millimicrons per centimetre of the light 
path for sodium light when tested with a Babinet Compensator. 

4.8.2 An alternative qualitative method of test ii as follows: 

The specimen of glass, polished on two parallel faces shall be held in 
the path of light between 'Crossed Nicols' in a sensidve polariscope and 
rotated in its own plane. The amount of strain present in the examined 

1>art of the specimen will be revealed by the colour of the transmitted 
ight. When the test piece shows no colouration beyond a light grey, 
the glass is suitable for optical work. Any evidence of colour or a 
bright field indicates bad annealing. 

4.9 Kefraetive Index and Partial Diaperiion 

4.9.1 The refractive index for the d spectrum line of each lot of fflass, 
measured with a standard refractometer and corrected to 20^C, shall be 
furnished by the manufacturer to the fourth decimal place and shall be 
correct within plus or minus 0*000 1. The refractive itldex for the hydrogen 
G line shall be similarly measured and furnished by the manufkcturer. 

4*9»2 The partial dispersion for the spectral intervals between the 
spectrum lines A and C, C and d, d and F, d and «, F and g^ and g and h shall 
be furnished by the manufacturer to the fifth decimal place ai|d shall be 
correct within plus or minus 0*000 03. 

4.9.3 The Abbe number (r-value) of each lot of glass shall b^ furnished 
by the manufacturer to the first decimal place. 

4.9.4 The melt to melt variation of the refractive index for the | spectrum 
line and of the Abbe number of any type of glass shall be within the tolerances 
indicated in Table I. 

4.10 DnraUUty 

4.10.1 Samples from each batch of optical glass shall be tested for the 
resistance of newly polished surfaces or surface of freshly broken chunks of 
the material to atmospheric attack by the thermodyne test and graded for 
durability as follows: 



Grade Resistangb as DlimtiiiNBD Probablb Behaviour 

BY Aqgbleratbd Testb 

Dl Excellent Likely to remain free from attack 

D2 Good Dull patches likely to appear after a 

long period (4 to 5 ytsin) 

D3 Fair Tarnish spots indicating interference 

films likely to appear within 2 to 3 
years 

D4 Pooi Tarnish spou likely in shorter periods' 

Note — At the grading ia the result of accelerated teats and is qualitative, it can only 
be taken to indicate the protMible behaviour of glass surfaces under conditions of natural 
exposure (m IU«1)« 

TABL£I TOUq UNCM OWKBraACTOVElWDBXA!^ 

DmEHENT Tims OV OPIICUUL GLASSES 



(aw4» 4.9.4) 


1 




Tymi 









± 


Fluor Grown 


0-0010 


Ob 


Boro4»ilicate Grown 


00010 


0-5 


light Barium Grown 


0-0010 


0-5 


Medium iiarium Grown 


0-0015 


05 


Dense Barium Grown 


00015 


0-4 


Soft Grown 


0-0010 


0-5 


Telescope Flint 


00010 


04 


Barium Light Flint 


0*0015 


0-4 


Barium Flint 


00015 


0-3 


Light Flint' 


00015 


0-3 


Dense Flint 


0*0015 


0-3 


EictrapDease Flint 


0*(X)15 


0-3 


Double BxtrapDeoseFUnt 


0O015 


e-3 
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4.10.2 Tkermodyne Test — Freshly broken or polished pieces of optical 
iijlass shall be placed in a closed vessel containing water, with one non- 
polished surface resting on supports above the water. The vessel shall be 
kept in a chamber provided with thermostatic control and subjected to 
temperature cycles from room temperature to 60®C, each cycle being oi 
two hours duration, for a period of 12 days. At the end of the period, the 
exposed surface shall be examined and the degree of attack assessed and 
recorded by comparison with standard types of glass tested simultaneously. 

5. SPECIAL REQUIREMENTS 
5.1 Moulded Blanks 

5.1.1 Glass formed in blanks rhall, in addition to satisfying the general 
requirements in 4, be free from felps and from folds introduced during the 
moulding operation. The blanks shall, in addition, be free from edge or 
surface cracks resulting from contact with the tool during moulding. 

5.1.2 The grade of glass used in moulding of blanks shall be clearly 
stated in the contract {see 3.1, 4.6, 4,7 and 4.10). 

5.1.3 The dimensions oi moulded blanks shall conform to the specifications 
of the contract or relevant drawings. Where only the dimensions of the 
finished components are specified, sufficient additional material shall be 
provided to allow for subsequent grinding operations. Such additional 
material, except when otherwise stated in the contract, shall be as indicated 
in Table II, the edge thickness of the moulded blank being not less than 
3 mm. 

6. MARKING 

6.1 All blocks and slabs forming part of a lot, from the same |nelt and 
annealing, shall have the glass type, refractive index for heliuiii d line 
(n^) with the Abbe number, melt number and the striae and bubbde grada- 
tion (where applicable) marked on them in waterproof, abrasion; resistant 
marking ink {see 2.8). 

Example: 

A Medium Barium Crown Glass (MBC) of ricfractive index 1*569 30 
for helium d line (»^) with an Abbe number 55'8 of melt 5725 with 
striae and bubble gradation A and a, shall have the following 
marking : 

MBC 569/558 5725 Aa 
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TABUm ADMIIONAL MAimRUL 


MQumiDn 


mOUUDDI 
ENTS AMI 


■UANUWMIN 


ONLY URODNIIONt OF ttHUBBO QOMTQia 


IfMOfOKD 




(Omu* 5.1.3) 






FkNmiBP 
GoiiPONurr 


lUocm 


DiAiorrBR 


MiNiiitfM Extra Matuual* 

FOR 




EdgiBfon 
Dianeten 


Grinding on 
EaehSorim 


(i) 


(2) 


(») 


(4) 


(5) 




nun 


nun 


mm 


mm 


■^ 


/Under 100 
lOver 100 


Under 75 
75.125 


3 
4 

7 


1-5 
1*5 
1-5 


Gnticules and windows 




Under 75 
Over 75 


3 

4 


1-5 
1*5 


Pdtnif (ail dimensiont 
under 100 mm) 






—.. 


3-5 


*The figures given in col 4 and 5 ihould be normally not exceeded by 35) percent. 



6.2 Moulded blanks ahall be marked in a similar manner, except that Uie 
meli number shall be replaced by the purchaser's part number and shaJt 
not include the grading. 

Example: 

A Medium Barium Crown Glass (MBC) of rcrractive index 1-569 30 
for helium d line (n,i) with an Abbe number 55*8 for part No. 26 
shall have the following marking: 

, MBC 569/558 26 

6.2.1 As far as practicable, spherical surfaces shall be kept free of raised 
mailLing to permit use of gauges. 

6.3 The blocks, slabs and blanks of optical glass may also be marked with 
the ISI Certification Mark. 

Nora— The useofdie ISI Gerdficatioo Mark Is memed bf the p rov l rfoo s of dM 
Indian Staadatds fasdtotkm (CSerdfieation Marki) Act, and iha Rulas and lUfnlaiiawi 
made thoeoadte. Prcsenceof thb mark on produets covcfsd by an ladiaa tftajMlin! 
conveys tibe aiiuranee diat tbey have been produeed la oooiply %irilh tha uMiiilmimiais 



of tbat standard, under a well-defined tyttem of Inspeeckm, 
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Thii fyttem, %vhicb ii deviicd and i upervited by ISI and operated 

oer» hit tlie Airtlier aafeguard that the products as acttudly marheted aie 

checked bv ISI for confonnitv to the standard. Detaib of coaditiom 

; llocaoe Ibr, the use of the ISI Certification Mark may be gimnled to 

or p roc ni s ot i i may be obtained from the Indian Standards Institution. 



7. PACKAGING 

7«1 Unlcti otherwiat specified, not more than 5 kg of any one type of blocks, 
slabs or blanks of optical glass, with slip sheets of soft paper between them, 
shall be wrapped in kraft paper to form a unit package, the joints being 
secured with aidhesive tape. Each type and size of slab and blank shall be 
kept sqparate when packed. 

7.1.1 On each such package shall be marked the material, type, size, 
quantity and the name of the manufacturer. 

7*2 Not more than ten such unit packages, securely cushioned separately 
with suiuble material, shall be packed in a plywood or other suitable 
wooden box, in accordance with normal commercial practice. 

7.2.1 Information r^arding the material, type, size and quantity of 
optical glass and the name of the manufacturer shall be marked on the 
box together with appropriate marking as for all fragile material intended 
for transit (sh IS: 1286-1958). 

APPENDIX A 

{CUmses 4.2 and ^.6) 

INSPBCnON rOR STRIAE, BUBBLES, SEEDS AND 
STONES 

A»l. TBSTS 

A-1.S Every block, slab and blank of optical glass shall be tested i^r defects 
by one of the following methods. 

AJ*1 Two opposite parallel faces of the slab under test shall be polished to 
iactUtate exammation* Light from a small and bright source is c0llimated 
by a condensing lens and a nound glass plate placed normal to the colli- 
mated beam, several metres from the lens, as in Fig. 1 A. The test piece of 
glass may be placed between the lens and plate such that the light is incident 
on one of the polished faces, causing its shadow to fall on the ground glass 
plate. Even minute striae, bubbles or other embedded impurities in the 
glass Will appear black and sharply defined in the shadow. 

By placing the test piece in two different positions, defects in the body of 
h^ test piece may be located by this method. 

. 11 
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A-1.2 When polishing of test pieces is not practicable (as for formed blanks), 
it is necessary to use an optical cell filled with an immersion liquid of the 
same refractive index as of the glass to be inspected. A small source of mono- 
chronutic light 15 placed at the focus of a collimating lens L and a movable 
cross sHt at the focus of another lens £,, as shown in Fig. IB. The piece of 
gla« (o be inspected is immersed in the liquid and the cell placed in the 
collimated beam between the lenses. The defecu are observed by moving 
or tilting the glass. 



SOURCE 




CONOeNSINO 
LENS 



TEST PIECE 



CROUNO OLASS 



lA 



SOURCE 




-TEST PIECE 



IB 

Fio. 1 AaaANOBMiMii roa 
' KMi Stkiab, Buaautt, 



Tnmo OP Glais Siaw 

SltM AMD StQMIS 
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Puahpak,' Nurmohamad Shaikh Marg, Khanpur, /2 63 48 

AHMADABAD 380001 \2 63 49 

T' Block, Unity Bldg, Narasimharaja Squara, 22 48 05 

BANGALORE 560002 
Gangotrl Compiax, 6th Floor, Bhadbhada Road, T. T. Naaar, 6 27 16 

BHOPAL 462003 
Plot No. 82/83, Lawia Road, BHUBANESHWAR 751002 6 36 27 

63/6 Ward No. 29, R. G. Barua Road, 

5th Byalana, GUWAHATI 781003 ~" 

e>8-56C L N. Gupta Marg, (Nampaily Station Road), 22 10 83 

HYDERABAD 600001 
R14 Yudhlftar Marg, C Sehama, JAIPUR 302006 



/8 34 71 
\6 98 32 



1 17/41 SB Sarvodaya Nagar, KANPUR 208006 r21 68 76 

\21 82 92 
Patllputra Industrial Estata. PATN A 80001 3 6 23 08 

Hantex Bldg ( 2nd Floor ), RIy Station Road, 62 27 

TRiVANORUM 695001 
Inapaction Offiea ( With Sata Point ): 

institution of Enginaars ( India ) Building, 1332 Shivaji Nagar. 6 24 36 
PUNE 410006 



*StlM 0ffl«« in B»mb*yia at Novalty ChamW*. OrMi RomI. StiSlt 

B»inlMy 40000? 

tSalM Offio* tn CateutM i* at t Oiowrln^M Appr oaah. P. O. rrlnca^ 27 •• 00 
StraM. Cateulta 700072 

affWMiuoai) l>v RaMoraahy UnH, Ml, N«w Mhnf 



